Henri Brunner Institut fur Anorganische Chemie der Universitat Regensburg, Universitatsstrabe 31, D-8400 Regensburg, Federal Republic of Germany Abstract -New methods to prepare optically active phosphines for enantioselective transition metal catalysts are presented. The transfer hydrogenation of itaconic acid to give methylsuccinic acid using HCOOH is optimized to optical purity. The enantioselective monophenylation of meso-diols with Cu(0Ac) lpyridineoxazoline catalysts is introduced as a new reaction. The stereodemi stry of the sto i ch i ometr i c cyc 1 opropanat i on of styrene with the carbene ligand of a Fe complex is determined by the metal configuration, the optically active phosphine ligand making only a small contribution. in the Khand-Pauson reaction of phenylacetylene with norbornene to give optically pure 3a,4,5,6,7,7a-hexahydro-2-phenyl-4,7-methano-lH-inden~-l-one, the stereochemistry is determined by the cluster configuration and not by the optically active phosphine ligand. The conclusion is drawn that a control of the metal configuration during enantioselective catalysis would be of major importance for the optical induction.
INTRODUCTION
Enantioselective catalysis with transition metal compounds is a new approach to the synthesis of optically active compounds, needed in economy, starting from prochiral precursors. As the optically active catalyst reenters each catalytic cycle anew with its chiral information, it is a method to prepare large amounts of optically active compounds using only a small quantity of an optically active catalyst. situ catalyst, consisting of a stable and commercially available metal compound (the procatalyst) and a stable and commercially available optically active ligand (the cocatalyst). The most celebrated example for this concept is the enantioselective hydrogenation of dehydroamino acids yielding amino acids. In Scheme 1 the most frequently used standard system is shown, the hydrogenation of (Z)-a-N-acetamidocinnamic acid 1 to give N-acetylphenylalanine 2
(ref. 1-3).
Advantageously, the optically active catalyst is an in 
Norphos
The procatalyst is a rhodium complex, such as CRh(cod)ClI , cod = 1,5-cyclooctadiene, and the cocatalyst is an optically active chelate phosphine, Kuch as Norphos 2 (ref. 4,5) . In this reaction N-acetylphenylalanine is formeded quantitatively and in an optical purity of close to 100 %. The oxide of Norphos (ref. 6 ) is resolved by dibenzoyltartaric acid, a methodology also applicable to the resolution of other phosphine oxides, e.g. the oxide of Binap (ref. 7) . A large number of other optically active phosphines catalyzes the reaction of Scheme 1 as efficient as Norphos (ref. 1,Z).
Optically active chelate phosphines are the best cocatalysts for transition metal catalysts in a variety of other reactions. phosphorus ligands known to date, new optically active phosphines are required which contain additional functional groups for binding to the surface of a polymer or for helping to orient the substrate. phosphines are described.
However, in addition to the many optically active 
Different from the noble metal catalysts in Schemes 1 and 5, the catalyst in Scheme 6 is an inexpensive 3d-metal compound. Moreover, the optically active phosphine ligands 3 and 19 , accessible only in lengthy syntheses, are replaced by the easy to get pyridineoxazolineligand 23, derived from an optically active aminoalcohol. Cu(0Ac) /phosphine catalysts do not giveoptical inductions in the monophenylation of diols accordhg to Scheme 6. The reason is that the phosphine ligand, present in only small amounts, is oxidised by the Bi(V) compound 21, present as the substrate, whereas pyridineoxazol ine ligands are stable towards OxidationTef. 18).
ENANTIOSELECTIVE CYCLOPROPANATION OF STYRENE W I T H FE-CARBENE COMPLEXES
Cationic CpFe(C0) carbene complexes are known to undergo a cyclopropanation reaction with olefins, a reactitity maintained on substitutifn of one o f the CO ligands by a phosphine ligand. 19,201. reaction, it was resolved using the optically active phosphine (S)-PPh2CH2CHMeEt, In the reaction with styrene, the SS isomer 2 gives high optical yields of 90 and 86 % ee of (-)-trans-and (-)-cis-methylphenylcyclopropane 26 and 27, whereas the RS-isomer 25 gives high optical yields of 90 and 84 % ee of (+)-trans-and7t)-cis-methylphenylcyclopropanes 28 and 29 (ref. 21), according to Scheme 7. The reaction has been extended to other cationicFe-caene complexes and to other olefins (ref. 22) .
ROLE OF METAL CONFIGURATION VERSUS LIGAND CONFIGURATION
In enantioselective catalysis, in situ catalysts are used consisting of a metal component and a ligand, carrying the chiral information. reactions the metal atom itself becomes a chiral center which actively participates in the chirality transmission from the optically active ligand to the product. The stoichiometric system of Scheme 7 is analogous to an in situ catalyst in consisting of a metal atom at which the cyclopropanation reaction occurs and an optically active ligand PPh R', added as the only source of chirality at the beginning of the reaction sequence. Usfng the mixture of diastereomers 24 and 25 as formed in the synthesis would give cyclopropanes with only low enantioselectizty. E is the separation of the diastereoisomers with respect to the metal configuration which makes 24 and 25 induce high and opposite chirality into the product cyclopropanes. The chiralny of m e phosphine PPh2R' obviously plays only a little role.
Used as an "in situ system" without separating the diastereoisomers 24 and 25, the cyclopropanation of Scheme 7 would be considered to be a reaction w i m low Zereoselectivity.
The important role of metal/cluster configuration in organometallic reactions is also demonstrated by the next example.
It is to be assumed that in many catalytic
ENANTIOSELECTIVE KHAND-PAUSON REACTION
In the stoichiometric Khand-Pauson reaction, cyclopentenones are formed from binuclear cobalt-carbonyl-acetylene complexes and olefins (ref. 23) . In the reaction of phenylacetylene with cobalt-carbonyl the Co C cluster Co (CO) (HCCPh) 30 is formed, which contains a plane of symmetry. PPh R* 31 mon8subxitution products 32 and 33 (Scheme 8). In the tetrahedral unit, the clusters 32 and 33 contain two different asymmetrE cobalt atoms and two different asymmetric carbon aEms. i13 these four asymmetric centers are coupled by the tetrahedral frame, only two isomers are possible, image and mirror,image with respect to the tetrahedral unit. 32 and 33 differ in their H nmr spectra. They can be separated by column chromatography. 
33
-32 -Using the equilibrium mixture of the Co C clusters 32 and 2 in a Khand-Pauson reaction with norbornene, the product 2-phenyl-3$,6,5,6,7,7a-TExahydro-4,7-methanoindane-l -one 2 is formed in an enantiomer ratio of 68:32 (Scheme 9).
exclusively gives rise to optically pure 2 (ref. 24) .
The pure diastereoisomer 2, however, -7 and 9 demonstrate that in orqanometallic svstems, chiral at the in the phosphine ligand, it is-the metal ( 0 ; cluster) configuration which determines the stereochemistry of product formation, the optically active ligand having only a marginal influence. transition metal catalysts, would be of great importance for the optical induction in enant ioselect ive react ions.
